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(54) SEMICONDUCTOR DEVICE AND FABRICATION THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a multilayer structure 
including a heteroj unction based emission layer on a substrate 
of amorphous material by depositing a III-V compound 
semiconductor heteroj unction comprising at least one kind of 
group in element including Al, Ga and In and a group III-V 
element containing at least nitrogen directly on the substrate 
of amorphous material. 

SOLUTION: A substrate 101 is subjected, on the surface 
thereof, to nitrogen plasma processing and an n-type 
AIN0.05P0.95 layer is deposited directly thereon as a lower 
clad layer 103. Subsequently, C5H5In and NH3 are fed to the 
reaction system in order to deposit a p-type Ga0.4In0.6N layer 
as an emission layer 4. Finally, a heterojunction of the 
Ga0.4In0.6N emission layer 104 and the lower clad layer 103 of 
AIN0.05P0.95 deposited directly on the surface of amorphous 
AIM substrate 101 is formed. The multilayer structure including 
a heterojunction based emission layer may be provided on a 
substrate of amorphous material by plasma processing of a gas 
containing nitrogen atoms on the surface of amorphous 
substrate. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS =_=__====__=^ 

[Claim(s)] 

[Claim 1] They are at least one sort of among aluminum. Ga. or In. It consists of an III group element and 
the Vth group element which contains nitrogen at least. Semiconductor device for light emitting devices which 
it comes to consist of laminated structures which deposited the III-V group nitride semi-conductor 
heteroj unction directly on the front face of an amorphous ingredient substrate. 

[Claim 2] The semiconductor device for light emitting devices according to claim 1 with which it comes to form 
a metal coat with the front face of the substrate which deposited the III-V group nitride semi-conductor 
heterojunction on the rear face of the substrate of the opposite side. 

[Claim 3] The semiconductor device for light emitting devices according to claim 2 which established two or 
more slots in the rear face of an amorphous ingredient substrate, and prepared the metal coat on it further. 
[Claim 4] They be at least one sort of ** among aluminum , Ga , or In to the this substrate front face after 
putting an amorphous ingredient substrate into the plasma ambient atmosphere containing a nitrogen atom . It 
consist of an HI group element and the Vth group element which contain nitrogen at least . The manufacture 
approach of the semiconductor device for light emitting devices characterize by making an III-V group nitride 
semi-conductor heterojunction deposit . 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] With respect to the semiconductor device which consists of an III-V group nitride 
semi-conductor, it is related with the configuration of the ingredient which brings about increase of the 
luminescence reinforcement of the short wavelength visible light emitting diode (LED) of high brightness 
especially. 
[0002] 

[Description of the Prior Art] III-V group nitride semi-conductors, such as gallium nitride (GaN), alumimium 
nitride (AIN). indium nitrides (InN), or those mixed crystal, are used as a component of semiconductor devices, 
such as a field effect transistor (M. Appl.Phys.Lett. besides Asif Khan, 65 (9) and (1994), 1 121.) of an 
environmental-proof mold, LED. etc. which operate also at an elevated temperature comparatively. Recently, 
short wavelength visible LED which emits light in the light of wavelength with short blue which consists of a 
laminated structure of III-V group nitride semi-conductors, such as GaN, bluish green color, etc. consists of 
(for example, Manabe Katsuhide, the "TOYODA GOSEI technical report", volume [ 35th ] No. 4 (1993), 68 
pages). 

[0003] The example of structure of the conventional LED chip which consists of III-V group nitride semi- 
conductors is shown in drawmgj.. . Nitride semi-conductor each class for constituting an LED chip is prepared 
on the aluminum-oxide (aluminum 203) single crystal (sapphire) substrate (201) (118 (1971) for example, 
J.EIectrochem.Soc. besides H.M.Manasevit, 1864). It has been usually from the former that the sapphire which 
is a single crystal is used as a substrate. 

[0004] One of the reasons the sapphire which is a single crystal is used as a substrate is because sapphire 
penetrates the light of short wavelength, such as blue, so luminescence is not absorbed by the substrate and 
cannot prevent emission of luminescence to the exterior. If it is in LED, in order to take out luminescence 
efficiently to the exterior, it has been usually to constitute a substrate from the ingredient which has a band 
gap higher than the energy equivalent to luminescence wavelength. 

[0005] Moreover, each class of an III-V group nitride semi-conductor which is GaN which is the component of 
the conventional LED, AIN(s), or those mixed crystal is growing at about 1000-degree C elevated temperature 
(M. Illegems. J.Cryst.Growth, 13/14 (1972), 360.). Generally such an elevated temperature is needed for growth 
of an ni-V group nitride semi-conductor layer irrespective of growth methods, such as vapor growth (VPE law) 
which uses metal-organic chemical vapor deposition (called MOCVD, MOVPE, and the OMVPE method.) and a 
halogenide as a raw material. Therefore, the existing heat-resistant ingredient with the high melting point 
which does not deteriorate at hot growth temperature, either needed to be used as the substrate. The reason 
for using as a substrate about 2040-degree C sapphire with which the melting point exceeds growth 
temperature is here. 

[0006] as a substrate — in addition to this — the oxidization gallium neodium (NdGa03) (collection No[ of the 
55th time Japan Society of Applied Physics academic lecture meeting lecture drafts of the 1994 autumn ]. 1, - 
4,184 page of lecture number 19 p-MG) of a single crystal — similarly the zinc oxide (ZnO) of a single crystal 
is used. Since 3.2eV and a band gap penetrate without absorbing the light of short wavelength widely, and 
since whenever [ mismatching / of a grid with III-V group nitride semi-conductor mixed-crystal ingredients, 
such as AIGaInN ] is small, the band gap of ZnO is indicated as a substrate suitable for growth of an lU-V 
group nitride semi-conductor (JP,6-14564,B). 

[0007] As for the conventional substrate ingredient for III-V group nitride semi-conductor layer growth, a 
single crystal ingredient is used in many cases. Generally single crystals, such as sapphire, are compounded 
under the environment in elevated— temperature high pressure by using the powder of an alumina, or the 
sapphire lump of polycrystal as a raw material. After passing through a single crystal composition process, 
cutting is carried out to a desired configuration. Then, a precision grinds a front face mechanically or 
chemically, and it is offered as a substrate. That is, it must pass through many processes to obtain the 
ingredient of the single crystal used as a substrate, therefore, generally the single crystal ingredient is 
expensive. 

[0008] The general reason for using a single crystal ingredient as a substrate is for obtaining the growth phase 
of a single crystal. That is, it is because the growth phase which carried out epitaxial (epitaxial) growth on the 
single crystal substrate serves as a single crystal. Since the single crystal growth phase is built from the 
crystal face of the same bearing, it is convenient for obtaining components, such as LED to which the optical 
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or electric property was uniformalized and the property was equal. Rathen it is required that LED should 
consist of film of a single crystal. 

[0009] However, if it is in III-V group nitride semi-conductors, such as AIN, it crystallizes, even when it Is 
made to grow up on the ingredient which is not a single crystal, and it is known that the single crystal film will 
be obtained (the AkasakI "optics", volume [ 22nd ] No. 11 (1993), 670 pages). It means that an expensive 
single crystal substrate does not generally dare be needed for this obtaining the III-V group nitride semi- 
conductor film of a single crystal. That is, if a single crystal composition process is not required for single- 
crystaHzing but it generally compares with the ingredient of a single crystal, it will have suggested that an 
amorphous ingredient without cheap crystallinity can be used. 

[0010] If it was in the past. Pyrex glass is used as an amorphous ingredient and the example in which the 
monolayer of AIN which is a kind of an III-V group nitride semi-conductor was formed on it is known 
("application physics" besides Kamimura ** 1 ** volume [ 40th ] No. 5 (1971), 572 pages). Moreover, there is 
an example which also prepared the AIN film on the electrode which consists of a conductive glass ingredient 
(G. Phys.Rev, besides A.WOLFF, 114 (5) and (1959), 1262.). However, in the example in the former, although 
Alx Gay Inz N (x. and y and z express a presentation ratio, and are x+y+z=1 and x> 0) is shown as an 
Ingredient which emits light in the light of short wavelength (JP,6-14564,B), the embodiment which prepares 
directly the heterojunction laminated structure of the LED application equipped with the mixed-crystal layer 
etc. as a luminous layer on an amorphous ingredient is not illustrated. 

[001 1] If it is the ingredient which penetrates the light of short wavelength even when using an amorphous 
ingredient as a substrate, luminescence can be efficiently taken out to the exterior and increase of 
luminescence reinforcement can be achieved. If the metal coat which has the function to reflect in one 
principal plane of the ingredient of translucency luminescence which penetrates a substrate ingredient is 
prepared, it does not depend on the crystalline improvement in an epitaxial film, but ** can also attain high 
brightness-ization of still much more LED simple. Moreover, high brightnessHzation can be attained more by 
constituting a part for a light-emitting part from a heterojunction. 

[0012] After using an amorphous ingredient as quartz glass and forming the metal electric conduction film on 
the 1 principal plane of quartz glass, the growth approach which deposits Alw Ga1-w N (0<=w<=1) and an InN 
epitaxial film is also learned. In this case, an III-V group nitride semi-conductor layer is not directly deposited 
on quartz glass. On front faces, such as quartz glass which gave optical polish, once Chromium (Cr), nickel 
(nickel), Metals, such as molybdenum (Mo), gold (Au). or platinum (Pt), are made to put as electric conduction 
film, conductivity is given to front faces, such as quartz glass, and the III-V group nitride semi-conductor layer 
is grown up the appropriate back (JP,5-86646,B). However, the heterojunction is not included in this case. 
Moreover, this growth approach is exactly an approach made advantageous to therefore producing the light 
emitting device of high brightness with the crystalline improvement in an epitaxial film for the purpose of 
growth of Alx Gal-x N (0<=x<=1) of high quality with few nitrogen vacancies, or the epitaxial film of InN 
forming a growth phase through the metal electric conduction film formed on the surface of quartz glass. That 
is, no conductive film prepared on the surface of quartz glass was prepared in order to achieve the operation 
as reflective film for reflecting luminescence. 

[0013] Furthermore, it faces growing up an III-V group compound semiconductor layer through the metal 
electric conduction film prepared on the quartz glass by the well-known example, direct current voltage is 
impressed between the metal electric conduction film and target ingredients, such as metal aluminum, and the 
buffer layer of Alx Ga1-x N (0<=x<=1) or InN is first deposited by the RF-sputtering method in the ambient 
atmosphere containing nitrogen gas. then, ammonia (NH3) the — III Epitaxial growth of Alx Gal-x N (0<=x<=1) 
of the same presentation as a buffer layer or the InN is carried out by the metal-organic chemical vapor 
deposition which uses a group's organic metal as a raw material (JP,5-86646,B). If it depends on this growth 
approach, Alx Gal-x N (0<=x<=1) of high quality with few nitrogen vacancies and the epitaxial film of InN are 
obtained, and if spread, although there is an advantage which can produce the light emitting device of high 
brightness, the complicated process is needed for obtaining an epitaxial film. For example, even if it makes it 
the growth process of an epitaxial film, it becomes indispensable and a growth process becomes complicated, 
and since it is complicated, the sputtering method, metal-organic chemical vapor deposition, and two sorts of 
growth approaches may cause the rise of the manufacture price of a light emitting device. 
[0014] For example, if it is in an unspecified device like LED. since a cheap thing is required especially, a 
complicated process is not desirable. If it is in the substrate which consists of an amorphous ingredient, even 
if it grows up a direct III-V group nitride semi-conductor layer on a substrate, the single crystal film is not 
obtained easily. The simple surface treatment which can promote single crystal-izatlon of the growth phase 
deposited on it is required for one principal plane of the amorphous ingredient which deposits an III-V group 
nitride semi-conductor layer, i.e., the front face of a substrate. 

[0015] High brightness-ization of a light emitting device has the configuration which has the function to reflect 
not only quality improvement of the epitaxial growth film but luminescence, then the case where high 
brightness-ization is attained simply. For example, the conventional method which arranges a reflecting mirror 
in a suitable location and promotes emission of luminescence to the exterior Is known. The example of a 
configuration of the conventional LED which comes to have such a reflecting mirror is shown in drayyjng 2 . 
The reflecting mirror (111) which brings about high brightness-ization Is conventionally formed in a part of 
stem (plinth instrument) (113) for fixing the chip (112) of LED. In the former, it was special for reflecting 
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luminescence in this appearance, and the stem from which structure becomes complicated was needed. For 
example, simplification of structure can be attained, if a substrate is transiucency and the member aiming at 
obtaining reflex action to some substrates will be put using it. however, the member for the purpose which 
acquires the operation which reflects luminescence for achieving high brightness-ization in this appearance by 
current — having — in addition — and LED of high brightness which consists of a simplified configuration is 
not known. 

[0016] For example, unlike the well-known example shown in drawing 2 , with the front face which deposits the 
III-V group nitride semi-conductor layer of the quartz-glass substrate which Is transiucency, if the metallic 
reflection film is prepared in an one principal plane [ of the opposite side ], i.e., rear face of substrate, side, the 
reflectivity to the exterior of LED of luminescence can be increased. If processing to which the surface area of 
the rear face of a substrate in which the reflective film is prepared is expanded is performed, since reflectivity 
increases with the escape of the surface area of the reflective flim which has reflex action, it will increase 
further. The approach of forming a concave convex slot in a front face is in one of the processing approaches 
which brings about the increment in surface area. The method of growing up the crystal layer of the same 
hexagonal system as a substrate is also exhibited on the substrate of the hexagonal system which actually has 
the field (0001) which formed the slot in the front-face side (JP,5-36602,A). However, conventionally, the slot 
is formed in the front-face side of a hexagonal substrate, and a slot is prepared again in order to raise the 
surface state of the film of the hexagonal form of the same crystal system as a substrate, and in order to 
make the surface area of one principal plane of a substrate extend, the slot Is not prepared. 
[0017] 

[Problem(s) to be Solved by the Invention] In order to supply cheap LED, a best policy uses an amorphous 
ingredient as a substrate. Surface treatment which gives the single crystal film easily on an amorphous 
substrate front face is required for it. Furthermore, it is still more convenient if there is a simple configuration 
to which the member which has the operation which reflects luminescence, without needing a special stem 
contacts a substrate, and is prepared, the reflectivity of luminescence from LED is increased, and increase of 
the luminescence reinforcement from LED is brought as a result. However, pn junction required [ by the time 
it results in current, there is little power consumption about visible LED of short wavelength, and ] to obtain 
the high brightness LED, and the example in which the laminated structure containing the heterojunction 
system luminous layer to make was prepared on the amorphous Ingredient substrate are not known. Or the 
example in which the configuration which brings about increase of the reflectivity of luminescence was 
prepared on the amorphous substrate is not known. In order to supply cheap LED of high brightness in view of 
such a background it is the technical problem of this invention to have a new original idea and to solve these 
conventional problems. 
[0018] 

[Means for Solving the Problem] that is , this invention be at least one ** of aluminum and Ga after putting 
and carrying out surface treatment of the substrate which consist of an amorphous ingredient to the plasma 
ambient atmosphere of the gas containing a nitrogen atom , or In . it be characterize by depositing directly the 
laminated structure equipped with the heterojunction of the III-V group nitride semi-conductor which contain 
nitrogen at least as an III group element and the Vth group element on the front face of this amorphous 
ingredient substrate . Moreover, with the front face of the amorphous substrate which deposits an III-V group 
nitride semi-conductor directly, it is characterized by offering the semiconductor device with which it comes 
to form a metal coat on the rear face of the substrate with which the opposite side counters. A metal coat 
also offers the semiconductor device formed on the rear face of the amorphous substrate which prepared two 
or more slots. 

[0019] In this Invention, if it compares with a single crystal ingredient, the ingredient which is a cheap 
amorphous Ingredient and has transiucency will be used as a substrate. An amorphous ingredient points out 
crystallographically that it is formless (amorphous) or the Ingredient which has micell (miscel) structure with 
the field crystallized partially. It is amorphous and amorphous glass, glass ceramics, quartz glass, etc. are 
mentioned to the ingredient of transiucency. In addition, ceramic ingredients, such as AIN which has 
transiucency, also correspond to this. Since membrane formation temperature, such as GaN and AIN, is 
generally about 1000 degrees 0 and an elevated temperature, the substrate ingredient which is equal to 
practical use, without softening or dissolving also at such an elevated temperature is desirable. If it carries out 
from this point, transiucency ceramic ingredients, such as quartz glass and AIN. are more convenient than the 
amorphous glass ingredient which causes softening at low temperature comparatively. Especially since a 
quartz-glass ingredient has the permeability which was excellent also to short wave Nagamitsu of an 
ultraviolet-rays field, it is convenient. 

[0020] In this invention, it puts to the plasma ambient atmosphere which consists of a gas containing the 
molecule which sets a nitrogen atom to one of the configuration atoms for one principal plane which deposits 
the growth phase of amorphous substrate ingredients, such as a quartz-glass substrate, for example, i.e., a 
front face, at least, and surface treatment is performed. A nitrogen atom can be made to exist in the front 
face of an amorphous substrate by this plasma treatment. The nitrogen atom which will exist near the 
substrate front face will work as a site (site) of nitrogen, if it sees from the field of a crystal growth device in 
case an III-V group nitride semi-conductor layer grows on a front face, and it has the effectiveness which 
makes growth of the single crystal film easy by this. 
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[0021] From the result which this invention persons examined wholeheartedly, nitrogen gas is used as a 
molecule which sets a nitrogen atom to one of the configuration atoms at least. If nitrogen gas is excited with 
the microwave whose frequency is 2.45GHz and the front face of a quartz-glass substrate is processed for 10 
minutes in the vacuum environment of 80Torr(s) For example, it becomes sufficient plasma surface treatment 
to obtain the GaN film by which the surface section was single-crystaHzed at the growth temperature of 600 
degrees C by the MOCVD method of ordinary pressure. 

[0022] The plasma which processes a substrate front face may be generated using the compound containing 
the amine radical which is a substituent containing complex [, such as a pyrrole (Pyrrole) which is not made to 
restrict for generating from nitrogen gas. for example, contains ammonia (NHS), aliphatic series, alicyclic or 
aromatic amine and a nitrogen atom as a component of at least one ring, ] (heterocycle type), or nitrogen, the 
compound containing azo (-N=N-). etc. 

[0023] There is also a method of injecting for example, nitrogen ion Into a substrate front face as an art on the 
front face of a substrate in addition to the approach of using the plasma, however, the acceleration energy 
which exceeds about 300 KeV(s) about nitrogen ion in order to acquire the effectiveness about the same 
single-crystal-izing as plasma treatment from the result to which this invention persons repeated examination 

— needing — in addition — and the great amount exceeding 1014 to 1015cm-2 or it of douse (dose) is 
needed. Since time amount will increase [ which comes to finish impregnation ] if a dose increases, it becomes 
impossible to become the simple surface treatment approach. 

[0024] At least one UI of aluminum. Ga, or In grown up on the amorphous substrate which this invention says 
There are GaN, AIN, InN, AIGaN. GalnN. AlInN, AIGaInN, etc. in the example of the III-V group nitride semi- 
conductor containing a group element and nitrogen. 

[0025] Moreover, as the Vth group element added to N, an III-V group nitride semi-conductor including an 
arsenic (symbol of element: As) or Lynn (symbol of element :P) also corresponds to this invention. There are 
GaNAs. GaNP, AINAs. AINP. InNAs, InNP. AIGaNAs. AIGaNP. GalnNAs. GalnNP, AlInNAs, AlInNP, AIGalnNAs. 
AIGalnNP. GaNPAs, AINPAs. InNPAs, AIGalnNPAs. etc. in this. 

[0026] In this Invention, it is amorphous and the direct laminating of the heteroj unction laminated structure 
which consists of combination of these III-V group nitride semi-conductor layers is carried out on the front 
face of the substrate which consists of an ingredient for which the above-mentioned plasma treatment was 
performed, and which penetrates the light of short wavelength. Even if it deposits a laminated structure 
directly on a substrate unlike the conventional example, the single crystal film can be obtained. It is because 
that the single crystal film can be obtained performed the above-mentioned plasma treatment to the substrate 
front face. There is an advantage which can skip the complicated growth process which was required to grow 
up AlGaN or an InN epitaxial film on amorphous quartz glass or glass like the former from this. 
[0027] There is especially no limit in the growth approach at the time of depositing an III-V group nitride semi- 
conductor layer directly on an amorphous substrate. A conventional MOCVD grown method and a conventional 
VPE grown method can be used, moreover, a molecular beam — epitaxial (MBE) — law and a chemistry beam 

— epitaxial (CBE) — the growth approaches, such as law, can also be performed. Either can be used although 
methods, such as the gas source (GS) MBE and an organic metal (MO) MBE. are therefore in the gestalt of 
the raw material used for the MBE method. There is no limit also about Ga, aluminum or In in growing up an III- 
V group nitride semi-conductor layer, or N raw material. Since it has not targeted for this invention to achieve 
increase of luminescence reinforcement by quality improvement of the membraneous quality by reduction of 
the vacant lattice defect of the nitrogen of an III-V group nitride semi-conductor layer established on an 
amorphous substrate, two or more growth approaches are not needed like the conventional example, but it 
faces obtaining the laminated structure for therefore producing a semiconductor device, and simplification of a 
process is attained. 

[0028] A heterojunction can be formed, if the semi-conductor of a different kind (hetero) which differs in the 
layer which differs in the presentation of a configuration element, i.e., a configuration element, and a 
presentation is mutually joined out of the example of the above mentioned III-V group nitride semi-conductor 
even if the layer or configuration element which differs in a configuration element is the same. For example, 
the heterojunction of GalnN and GalnNP is an example of a heterojunction which consists of a semi-conductor 
layer which differs in a configuration element. InNI-v Asv which differs in the value showing a presentation 
ratio of v and w InNI-w Asw Junction is the example of the heterojunction which differs in a presentation 
ratio. 

[0029] If the layer which constitutes a heterojunction is 2. the number of junction interfaces (heterojunction 
interface) is one. This is called a single (single) heterojunction. If the heterojunction consists of three layers, 
the number of heterojunction interfaces will be set to 2, and will be called a duplex (double) heterojunction. 
Although it may be called the Mie (triple) heterojunction if the number of heterojunction interfaces is 3, 
generally it is called a multiplex heterojunction. If these singles, a double heterojunction, and a multiplex 
heterojunction are included in a laminated structure, the laminated structure equipped with the heterojunction 
which this invention says will be formed. 

[0030] In this invention, the coat of the metal for reflecting luminescence on the 1 principal plane of the 
amorphous substrate of light transmission nature is prepared. Preparing a metal coat prepares on not one 
principal plane that deposits an III-V group nitride semi-conductor layer, i.e., the front face of a substrate, but 
the rear face of a substrate. This coat for reflection can be formed if metals, such as gold (symbol of element: ^ 
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Au), aluminum (symbol of element: aluminum), and chromium (symbol of element: Cr), are made to put on the 
rear-face side of a substrate with a vacuum deposition method, aluminum is most suitable when the 
economical efficiency for obtaining the height and cheap LED of a reflection factor to luminescence of a short 
wavelength field etc. is taken into consideration. Even if the metal coat to prepare may be the film which 
consists of a simple substance, for example, the film which consists only of aluminum, and is film of two-layer 
structure on which each class of aluminum and titanium (symbol of element: Ti) was put, for example, It is not 
cared about. When preparing a monolayer or the metal coat of several layers, there is especially no limit in the 
thickness of each class, but since about 1 to 10nm and the probability which light will penetrate if extremely 
thin also become high, it is not desirable, 100 to 5000nm thickness is suitable practically. For example, 
aluminum thin film which has the thickness designed in order to raise the reflection factor of the light of a 
certain specific wavelength, and Ti thin film are not cared about as the so-called optical interference 
membrane structure which carried out the laminating to the multilayer. If the metal coat which gives reflex 
action to one principal plane of a substrate ingredient is prepared, like the conventional example, it is not 
necessary to prepare a reflecting mirror in a stem separately, luminescence of LED can be reflected In the 
exterior with a simple configuration, and, therefore, increase of the luminescence reinforcement from LED will 
be brought about, of course, the rear-face side of the substrate concerning this invention to the stem 
equipped with the reflecting mirror of luminescence like the former — reflection — public funds — it does not 
matter in that the increment in luminescence reinforcement is achieved even if it mounts the component 
equipped with the group coat. 

[0031] The reinforcement of the reflected light Increases, so that the area which functions as a reflector is 
large. Especially in this Invention, when preparing the metal coat for reflection In the rear-face side of a 
substrate although it has conductivity therefore, a slot is formed in the rear-face side of a substrate, the 
surface area of a substrate is expanded, and increase of a reflector product is achieved. 

[0032] If a slot uses the patterning technique by the photolithography method well-known about the rear face 
of a substrate and it depends on the etching method etc., it can be formed. For example, the rear face of an 
amorphous electrically-conductive-glass ingredient is once covered with the usual photoresist ingredient. 
Patterning is carried out to the configuration of a wanting [ the appropriate back, expose, expose a photoresist 
ingredient and ] slot. Resist exfoliation liquid etc. removes the photoresist ingredient equivalent to the part of 
a slot, and the field of a substrate ingredient is made to expose. It etches by restricting to the field made to 
expose, and some substrate ingredients are removed. If the photoresist ingredient which finally remains is 
exfoliated, the substrate ingredient with which the slot was formed can be obtained. A slot can be formed also 
by mechanical cutting using machine tools, such as an engine lathe. 

[0033] In order to expand surface area more, it is good to form a slot in the shape of a grid. Although the 
configuration of the cross section of a slot does not have limitation, if a cross section is made into the shape 
of a semicircle and a metallic reflection coat is prepared there, luminescence can be mostly reflected In an 
omnidirection. Moreover, a substrate ingredient is etched that a grid-like slot should be formed in the rear 
face of a substrate, and it faces removing, and if the etching drugs or the etching conditions of giving a 
triangle-like cross section are chosen, it will jmc** in the shape of a triangular pyramid as a result, and 
expansion of surface area will be brought about. There is no special limit about the quantity of the slot 
established in a substrate. However, since one side is a 300 to 450 micrometers rectangle, as for the common 
chip of LED, It is desirable that several [ at least ] slots are arranged in the configuration of this chip. 
[0034] What is necessary is just to form the metal coat used as the reflective film with the function to reflect 
luminescence, after forming the above slots. A vacuum deposition method and the applying method can be 
used as the formation approach of a metal coat. By the applying method, the liquefied matter containing a 
metal powder or a compound etc. for which it asks, for example Is applied to the field of the substrate in which 
the slot was formed, and the appropriate back, if it is made to heat and solidify, a metaled coat can be formed. 
Moreover, there is an advantage from which it is convenient for the level difference of a slot etc. being fill 
uped with the applying method in order to use the liquefied matter, and the metal coat of a front face flat as a 
result is easy to be obtained. It may not be easy to obtain the coat of the thickness exceeding dozens of 
micrometers by the physical depositing methods, such as a vacuum deposition method and the sputtering 
method, in such a case, the side face of a slot — a wall surface — overall — wrap extent — once — a coat - 
- carrying out — the coat top — after [ appropriate ] — plating (plating) — the thickness of a coat is made to 
increase by law etc. and there is also a means which fills a slot. However, a slot is perfectly filled with the 
ingredient which constitutes a metal coat, and there is no absolute need of daring carry out flattening of the 
substrate rear face, and it may make the configuration of a slot remain intentionally. It is because the 
increment in the touch area to the component of the adhesion fixative for fixing a component to a stem 
ingredient is caused and stubborn immobilization can be attained, if the slot which left the level difference on 
the irregularity imperfectly filled with the ingredient which constitutes a metal coat in a substrate rear-face 
side exists. 

[0035] Since the depth of flute prepared in a substrate is followed on making a slot deep and the surface area 
of a substrate tends to be expanded, increase of the reflectivity of luminescence is caused so that a slot is 
made deep, but in order that a substrate may carry out lamination to coincidence, the mechanical strength of 
a substrate is spoiled. Therefore, as for the depth of flute prepared in a substrate, it Is desirable to also stop 
the deepest to about 80% to the thickness of a substrate. For example, about the substrate whose thickness is 
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300 micrometers, the depth of flute is good to stop to 240 micrometers at the maximum. 
[0036] 

[Function] The plasma treatment which consists of a gas containing the nitrogen atom of an amorphous 
substrate front face brings about easy formation of the single crystal III-V group nitride semi-conductor layer 
to this front-face top, and avoids the compllcatedness of an epitaxial film growth process to up to the 
conventional amorphous substrate. The metal coat formed in the substrate rear face increases reflection to 
the exterior of luminescence. The slot established in a substrate rear face extends the surface area of the 
metal coat which reflects luminescence, and makes reflectivity increase further. 
[0037] 
[Example] 

(Example 1) the laminated structure of the semiconductor device application concerning this invention — 
MOCVD — this invention is explained to a detail based on the example acquired by law. Drawing 3 is the cross 
section of the laminated structure concerning this example. The insulating amorphous substance AIN was used 
for the substrate (101). This AIN had translucency. The thickness of a substrate (101) was about 300 
micrometers. 

[0038] the inside of the chamber after laying a substrate (101) in the vacuum chamber of a commercial dry 
etching system — a degree of vacuum — about — it exhausted until it reached 2x1 0-51 OOTorr. When the 
ultimate vacuum was stabilized mostly, nitrogen gas with a purity of 5 Ns was introduced in the chamber, and 
the pressure in a chamber was set to about 100 Torr(s). In the appropriate back, the high frequency bias 
whose frequency is 13.56MHz was impressed to the parallel flat electrode in a chamber, and the nitrogen 
plasma was generated. The above-mentioned substrate (101) was laid on the electrode of the side by which 
the parallel flat electrode arranged in parallel is grounded. Processing by the nitrogen plasma was performed to 
the front face of a substrate (101) by the nitrogen plasma generated by parallel flat-surface inter-electrode. 
[0039] On the AIN substrate (101) which processed the front face by the nitrogen plasma, the AIN0.05P0.95 
layer of a direct n form was deposited as a lower cladding layer (103). Thickness was about 0.1 micrometers. 
Carrier concentration was set to abbreviation 1x1018cm-3. the ordinary pressure MOCVD according [this 
layer (103) ] to trimethylgallium (CH3) (3 Ga) / trimethylaluminum (CH3) (3 aluminum) / phosphine (PH3) / 
hydrogen (H2) system of reaction — it was made to grow up at the temperature of 750 degrees C by law Next, 
PH3 PH3 diluted with high grade hydrogen so that it might become 10% about volume concentration H2 Supply 
to the MOCVD system of reaction of mixed gas and 3 (CH3) Ga is suspended. A cyclopentadienyl indium (C5 
H5 In) and ammonia (NH3) were instead supplied to the system of reaction, and the GaO.4 InO.6 N layer of p 
form was deposited as a luminous layer (104). It is NH3 as C5 H5 In held in temperature of 70 degrees C. The 
addition flow rate into the system of reaction was respectively set as a part for 170 ccpart [for /] and lice/. 
Thickness could be about 0.1 micrometers. Carrier concentration was set to abbreviation 1x1017cm-3. 
[0040] The heterojunction with the luminous layer (104) which consists of the lower cladding layer (103) and 
GaO.4 InO.6 N which consist of AIN0.05P0.95 directly deposited on the front face of the substrate (101) which 
consists of amorphous AIN in which surface treatment was carried out by the nitrogen plasma by this, without 
minding a metal coat like the former was formed, the diffraction pattern according [ the growth phase (103) 
(and (104)) deposited on the substrate (101) front face processed by the nitrogen plasma ] to the usual X-ray 
diffraction method showed that it was the film single-crystal-ized by each. 

[0041] Next, the laminating of the up cladding layer (105) which consists of GaN0.98As0.02 of p form on a 
luminous layer (104) was carried out. Thickness set to 0.3 micrometers and carrier concentration was set to 
abbreviation 2x1018cm-3. The mixed gas of the arsine (10% of volume concentration)-high grade hydrogen 
(90% of volume concentration) by which hydrogen dilution was carried out as a source of As was used. 3(CH3) 
Ga made into the source of Ga was held in temperature of 0 degree C with the thermostat, and was supplied 
to the system of reaction with the flow rate of 30 cc/m. The arsine (AsH3) was made into 35 cc flow rate 
for /. 

[0042] The laminated structure of the LED application equipped with the double heterojunction which consists 
of a heterojunction of the heterojunction of AIN0.05P0.95 layer (103) and a GaO.4 InO.6 N layer (104). a GaO.4 
InO.6 N layer (104), and GaN0.98As0.02 (105) by the above configuration was constituted by depositing directly 
on an amorphous AIN substrate (101). Short wavelength LED was created using this double heterojunction 
laminated structure. Blue luminescence on which this LED wore the bluish green color was observed, and the 
luminescence wavelength of that core was about 4720A (A). In the comparison with the conventional example 
about luminescence reinforcement, it was admitted that LED concerning this example gave the reinforcement 
which is not inferiority with the conventional LED. Here, the conventional LED points out LED which brings 
about luminescence of the dark green color which makes a luminous layer GaInN whose presentation ratio of In 
is about 0.2 which added impurities, such as cadmium (Cd) and zinc (Zn). On the other hand, the half-value 
width of an emission spectrum was about 340A (A), and when comparing with the above-mentioned 
conventional LED about this, it became 2 (the half^alue width of the emission spectrum in the conventional 
LED is about 700A.). and the thing by which an improvement remarkable according to a rank is attained about 
1/. As a cause which half-value width reduced, it was judged as what reduction of the hole (vacancy) 
concentration of the nitrogen in the heterojunction layer deposited on it was brought by this invention by using 
the substrate which carried out nitrogen plasma treatment of the front face. 

[0043] (Example 2) The total content of alkaline metals, such as sodium, a potassium, and a lithium, used the 
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amorphous quartz glass below the 5 weight ppm as a substrate (101). The cross section which meets drawing 
4 in the mimetic diagram of the structure of LED concerning this example at brokenHine A-A' of drawing 4 at 
drawing 5 is shown. The approach given [ the front face of a quartz-glass substrate (101) ] in an example 1 
was followed, and surface treatment by the nitrogen plasma was performed. Although conditions, such as a 
degree of vacuum at the time of plasma treatment, are almost the same as an example 1, the power at the 
time of plasma production made it increase with 21 OW. Although amorphous AIN used as a substrate in the 
example 1 contains the nitrogen atom as a configuration element primarily, since quartz glass used a silicon 
dioxide (Si02) as a principal component and did not contain a nitrogen atom as a configuration element, in 
order to form the site of nitrogen in the front face of a quartz-glass substrate efficiently, it increased plasma 
power. 

[0044] the above-mentioned ordinary pressure MOCVD direct on the front face of the quartz-glass substrate 
(101) which performed plasma treatment — the GaN layer of n form was deposited as a lower cladding layer 

(103) by law. Thickness could be about 0.1 micrometers. Carrier concentration was set to abbreviation 
1x1018cm-3. Next, the GaO.88InO.12N layer of p form was deposited as a luminous layer (104). The thickness 
of a luminous layer (104) set to 0.25 micrometers, and carrier concentration was set to 1x101 7cm-3. On the 
luminous layer (104), GaN of p form was formed as an up cladding layer (105). Thickness set to 0.05 
micrometers and carrier concentration was set to 2x1018cm-3. The laminated structure equipped with the 
double heteroj unction by the crystal layer (103) (- (105)) directly deposited on these amorphous substrates 
was constituted. In analysis of a crystalline form [ / near the **** front face by reflection electron line 
diffraction (RHEED) ], the surface section of the GaN lower cladding layer (103) which is the first pass made 
to deposit on the front face of the quartz-glass substrate (101) which performed nitrogen plasma treatment 
was crystallized. 

[0045] The anode plate electrode (107) which becomes the up cladding layer (105) which is equivalent to the 
outermost layer of a laminated structure from aluminum using a well-known photolithography technique was 
formed. The cathode electrode (108) which counters was formed on the lower cladding layer (103) which mesa 
etching was carried out [ cladding layer ] and made the circumference parts of an up cladding layer (105) and 
a luminous layer (104) expose. 

[0046] The metal coat (109) which consists of aluminum for reflecting luminescence from a luminous layer 

(104) was made to put on the rear-face side of an amorphous quartz substrate (101) with vacuum deposition. 
The thickness of a metal coat (109) could be about 0.5 micrometers. Although the ingredient which constitutes 
the metal coat and electrode for reflection of luminescence was made the same in this example, even if it 
differs in the ingredient which does not specially restrict to such an ingredient configuration and constitutes 
an electrode and the metal coat for reflection, there is no inconvenience. 

[0047] The semiconductor device (LED) which has the metal coat prepared in order to have the laminated 
structure which consists of an III-V group nitride semi-conductor layer equipped with the double 
heterojunction directly deposited on the front face of the amorphous substrate by which plasma treatment 
was carried out and to reflect luminescence in the rear-face side of an amorphous substrate by the above 
configuration was constituted. Luminescence was the blue which purple cut and the main wavelength was 
about 3850A (A). This luminescence was observed by Impressing the direct current voltage of several volts (V) 
to forward [ above ] and the negative electrode, and the luminescence reinforcement of the non-mold article 
chip when setting forward current to 20mA became the about 62mm candela (mod). Bringing increase of 
luminescence reinforcement to the rear-face side of an amorphous substrate ingredient with a metal coat was 
vividly shown from the obtained luminescence reinforcement being about 2.2 times the magnitude of LED 
which does not possess the metal coat which consisted of same double hetero laminated structures. If this 
result is optically compared with a transparent single crystal ingredient, even if it will be a cheap amorphous 
transparent material, by preparing the metal coat which reflects luminescence shows that luminescence to 
which reinforcement increased can be obtained. 

[0048] (Example 3) The same laminated structure as an example 2 was directly prepared in the substrate front 
face which performed nitrogen plasma treatment of an example 2 by using amorphous fused-quartz glass as a 
substrate (101). The cross section of LED concerning this example Is shown in drayyinjg 6 . each class which 
constitutes a laminated structure — MOCVD of ordinary pressure — by law. growth temperature was formed 
as 700 degrees C. The used substrate (101) was a round shape whose diameter is 50mm, and thickness was 
150 micrometers. 

[0049] Before obtaining a laminated structure, the straight-line-like slot (110) whose aperture width is 30 
micrometers was periodically established in the rear face of a substrate (101) at intervals of 60 micrometers. 
That is, distance of the center to center of a slot was set to 60 micrometers. Although what Is necessary is to 
**** the aperture width of a slot, and spacing of the center to center of a slot, and just to have set up, in 
order to share the cutting slot for the dicing for obtaining the chip of a slot (1 10) and the square whose one 
side is 360 micrometers, by this example, it considered as this value. This chip size is an example to the last. 
The cross-section configuration of a slot (110) was made into the hemicycle, and the depth of a slot (110) was 
set to 20 micrometers. The depth of this slot (110) became a little more than 13% of ratio to the thickness of a 
substrate (101). These slots (110) were formed by cutting which used the engine lathe. 

[0050] On the amorphous quartz substrate (101) which formed the slot (110) in the rear face periodically, the 
same laminated structure as an example 2 was deposited directly. The electrode (107) (reaching (108)) as well 
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as a publication was formed in the above-mentioned example 2 by aluminum. 

[0051] After forming a laminated structure and an electrode (107) (reaching (108)), vacuum deposition of the 
aluminum was carried out to the rear face of a substrate (101) on the whole surface, and the metal coat (109) 
which consists of aluminum for luminescence reflection was formed. Thickness of the metal coat (109) which 
carried out vacuum deposition was set to about 7 micrometers. In this example, after the metal coat for 
reflection passed through the process which forms a direct laminated structure on an amorphous substrate 
(101), it was prepared, this be because it be make to grow up at the temperature exceed 660 degrees C which 
be the melting point of aluminum of a metal coat ( 109 ) ingredient about above-mentioned each class which 
constitute a laminated structure like . so the fall of the surface area which a metal coat dissolve during 
growth , secede from the wall surface of a slot ( 110), and show reflex action . i.e. . the decline In reflective 
effectiveness , will be produce if the metal of such the comparatively low melting point be make to put on the 
rear face of an amorphous substrate ( 101 ) beforehand . 

[0052] Thus, it was admitted that luminescence reinforcement increased LED which equipped the obtained 
substrate with the metal coat for reflection as compared with LED of the conventional example, furthermore, 
the thing for which the metal coat for luminescence reflection Is prepared in the field which Increased 
especially the surface area of a publication in the example 3 — only — reflection — public funds — increase 
of the further reflectivity was attained rather than the case where a group is made to adhere to a substrate. 
Although particular difference was not made in the main wavelength of luminescence of LED obtained in the 
examples 2 and 3 when the example was shown, when comparing with the case of the aforementioned example 
2. luminescence reinforcement reached the 1.3 times as many about 80mm candela (mcd) as this further. 
[0053] 

[Effect of the Invention] The plasma surface treatment with the gas containing nitrogen has the effectiveness 
to which single crystal-ization of the deposited growth phase is urged directly on an amorphous substrate. 
Moreover, it is effective in increasing the luminescence reinforcement as a component of LED by preparing a 
metal coat in the rear-face side of a substrate. If the surface area on the rear face of a substrate in which the 
metal coat for reflection is prepared Is increased, the effectiveness which increases the reflectivity to the 
exterior of luminescence more will be demonstrated still more. 

[0054] In addition, effectiveness is also demonstrated by that the effectiveness of this invention, especially the 
effectiveness that single crystal-ization is promoted by performing plasma treatment to the front face of an 
amorphous ingredient substrate obtain the so-called laminated structure of electron device applications, such 
as a hall device which comes to have heterojunctlons. such as other semiconductor devices, for example. 
GaN/AIGaN etc.. and a field effect transistor, although this example explained LED as an example of the 
semiconductor device concerning this Invention. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing. 1] It is the cross section showing the example of the conventional blue LED chip. 

[Drawing 2] It is the cross section of LED which it comes to fix to the plinth equipped with the reflecting 

mirror. 

[Drawing. 3] it is the cross section of the example of a laminated structure of the LED application concerning 
the example 1 of this invention. 

[Drawing 4] It is the mimetic diagram of LED concerning the example 2 of this invention. 
[Prayyin^. S] It is a cross section in alignment with broken-line A-A' shown in d.ravying 4 . 
[Drawing 6] It is the cross section of LED concerning the example 3 of this invention. 
[Description of Notations] 

(101) Substrate 

(102) Buffer coat 

(103) Lower cladding layer 

(104) Luminous layer 

(105) Up cladding layer 

(106) Contact layer 

(107) Anode plate electrode 

(108) Cathode electrode 

(109) Metal coat 

(110) Slot 

(111) Reflecting mirror 

(112) Chip 

(113) Stem 

(114) Enclosure resin 

(1 15) Connection 

(201) Silicon on sapphire 
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-y:/ (1 1 2) *H^1-§fci6©XTA teSfl*) 

(113) ©-gpfc^itcnri^^o iJ^jRtK-i^Tti. 

40 V\ 

[0 0 16] M^{f0 2t^-ri^»i^ji:as^f). myt 
mm^n^mmt ij:s«fjj©-±ffi. ip-^»*g©«ffiM 

50 (0 0 0 1 ) ®^#-rs7N73B^i^©afej:i£:. mut 



(4) 

5 

m?A¥5-3e 6 0 2) o LiJ-^U VtMii. 
[00 17] 

<. iSi!?)aL E D§f#^li:i2<>g:&p ng-a-il^-r-ATP 
Co 0 1 8] 

IC^LTSffijaaLfc^. A K G aSL< I x\(D'P 

m^tzmmmm^. m^^^BmnmiR(omm±icmmm 30 

ffl-r^iifc^#^Sii-r§t<o-efeSo ^tc iii -vj^ 

mm<Dmmiffa^^BMmm.(Dmm±imifii'nx^'^ 

[0 0 19] ^/^^mxitm^umicit^ttnimm^ 

#^BK«*^-e* !3 a.-omytm^-r^Mn^miiS.t lx 
mmt?>o ^^^mmmtii. ^^m^mcmmm (a mo 
r p h o u s) i)^mm^^m\c^^Bi\:LrcW^^n-D 40 

~ -b;!/ (m i s c e 1) 1ijg^#t-?iM*I^J§^o 

So G a N^A 1 Nmi^fii.mu&fi'^-'mmcm 1000 
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[0 0 2 0] *^B^T'{i. <5ljK.{S5^*r^x»«l|C»|^ 
aS^O^t-Th (s 1 t e) hVXm^. cntiO¥ 

[0 0 2 1] if.mn^z>-bmw-miLtc^^t)-^i^ii. s 

^;^X;&j$fflLs 8OT0 r r fiDS^^^tS^t/>T. 
mmffZ. 4 5GHz(D-7^^um^'^-oXmm:^^X^ 

[0 0 2 2] »g^s*ma-rs:/^Xv«g^;?fx*^ 

e.^^?-li:StIie-r. fiaj^{^7y*-7 (NHs ) ^ 

< fk—Dff^mo^mfmmtLx^tri^u-ji cp y r 
role) ^toit* ('NTD^s) ^mm^-^tsmm& 
x$>^7^ym^^tsi\:-^^. r^/m (-n = n-) ^ 

[0 0 2 3] »«Sffi05!ia75-ffii:LT{i. :/vXv>& 

f'7X-rmmtmm<D^mB{\:ic'D\,^x(D^ 

m^#St(is g^-r;f>t-OV^TiSi^3 OOKe V*® 
;^-5iraiix^;l'4^-;&/iJ>Si:L^ fio i o" 1 0 
" cm"' s!c^^{i^-n=&^K.S^:^*K-X (dose) 

a^i^J'Sii-rSo F-X«;^^ti;^r?.i:ffiA^II^Sli: 

[0 0 2 4] :i^mmm^r>$mn(omu±.icj^m^^^ 

AK G agt<«i I ntD^i'^*< 
ilSmt^^tflll -Vi^g{(:tl4^«i*<D^J»C}iG a 
N. A 1 N. I nN. A 1 GaN. Ga I nN. A 1 I 

nN. A 1 G a I nN^A^^-So 
[0 0 2 5] S/c. NtifiP^S|gV;K7n^i:LTfS;. H 
^ (Tt^fE^ : As) (TC^te^ : P) ^#tfll 

GaNAs. GaNP. AlNAs. AINP. InN 
As, InNP. AlGaNAs. AIGaNP. Ga 
InNAs, GalnNP, Al InNAs, Al In 
NP. AIGalnNAs, AIGalnNP, GaN 
PAs.AlNPAs, I nNP A s, A 1 G a I nN 
P A s#*^$>So 
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[0 0 2 6] *^B^-efi^ cn&oiii -vis^fkti¥ 

1 G a N^Tcli I n Nxe^:^^2/i';HK:^^fi-rSlt<g> 

[0 0 2 7] ^^B^BR»«±tiii -v;Kgfl:!^ilijif*» 

c V DfiScSffi'^v p Ei^^mmmmTt^c * 

fc. ^?^xlf^4^>'+;b (MBE) ii^ft^lf-Ax 
t°:5«+i/-\';L' (CBE) ail®^:S7aStT't§o MB 

E'mamm-r^mnommicik-DX:9xv-x (g 

S) MBE^#a^M (MO) MB EI|®:;^5S7b^WS:6^ 
t/^-rnTfc?iJfflt;-*5c III -V;^g{t!l^iJi»f*B^fi!t 
g^-ttSfcSfc-pTiDG a. A 1 Sfc^i I n^VHiNig 

Kits I II -vi^§f[:ti^»l*/l^ogm<7)S1S?::^P(l© 
[00 2 8] 'Nrng^ti^ SulBL/cIII -V^gftl^ 

t>m^^m'P!m^m\c-r^mm C'Nxn) (o^mi^^ 30 

ffi5lcit^^-ti:n«f^^-e*5o W;^{fG a I nNfcG 

com^mict^ I nNi^ As, tlnNi- A s . i; 
[0 0 2 9] -NrPg^^g^-r-SiiA^2T'fen«g^ 

^nx^^mi-\Tx:t^^^m(Dmii2trj:i)i:m {■^ir 

)V) 'NrPg^&i:?^?^^., 'NxPg-^llffiOtSf^^ST' 40 
fen^HS (F'J^;l/) 'NrPg^^i^snSS-^fefe 
^t)\ -§$tc(i^S'NxPg-&i:BftJnSo asiiiilc 
c:n€><0>'yi^;K 3^:7;l/'N-rPg^-^^fi'N-rPg-a- 

^^s-t^nfj. ^^^(Di/^d'Nrpg^j&ii^fca/is 

[0 0 3 0] *f|B^-e{i. 7te3gji14(O^^B^B«a«cO-± 

Sll$Bi;&KitSiD{±iii -ViKgftti^»«:ii;&ii«-r 
ttSo (7c«ia#: Au) 50 
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-"^A Gt^fg^ : A I) ^^PA (7C^I2^ : C r) 

L E D^f#i.fcJ6©li^tt^;|rI)S-rS i: A 
K.«A I<D?*t*^e.«:^)lT*oTtmi^U. ^K.{^A 1 

hi-^y (jt^fH^ : T i) ©§)i^fiterc2«igja<7) 
mx^':>x%.mt>ts.^\ 'mwi.^-immay^mmi^WL 

46^!f$L<^V>o 1 0 0 nmA^P) 5 0 0 0 nm<7)Kjp;6^ 
$>&K46Sfci6lcKlt5nfcllj¥*Wr-5A I»BSilT 

[003 1] x^xmm^mk 

[0 0 3 2] fgtiatg®gffiic-oi>Ti.^»i®-7;j- h y y 

a-rs 7:t h i^v-'x hun^ ui^'x hmmmmxu^ 

s^-^titcmmM'mm^ctt^x^^. mimm(ox 
imm^mm Lxmmmsmwnc^-oxminx^^o 
[0 0 3 3] mmm^j;:*:)t&izir^\cit. m^m^mc 

^j^^-r«»i5«5p*^x«y^v^/u. m^^^im 
L. ^n^^<Dmm^^x^j^-y^y'ifmmm'ii:r.y 
^ymmmmt^ tm^tLx-n^mcmun 

ximm<Dmmii^^^\ fat. l ED®-f9:6^*^-y7 

lii-mif'3 0 0 (imti^ibA 5 0 tim(DyjMXh^Ctti' 
C©^'yy®J^«f^»c'>;S:< i;t^*<D?i7b^gBS? 



(6) 
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[0 0 3 4] ±m(Dmmmi&Lrzm. ^yt^m-r 
[0 0 3 5] m^icmi>f^m(r>mii. mm<-r^\c 

*^3 0 0/tm<?)S*glCO(/^T«^ ^(D^5tift;*:T-t 2 
4 0/1 mIciftTfe < <D*^mv^ 30 
[0 0 3 6] 

[0 0 3 7] 

[USSM] 40 

(mmm 1 ) ^mMicm^:?>^^mi^^mm'^(Dmmmm 

0T'^So (1 0 1 ) iatfm^(o^mnA 1 
m^'fco c(D\ 1 Nim^^^^br^^tco a« (1 0 

1) CD/>^ti$53 0 O/trnTfe-p/Co 

[0 0 3 8] »fi (1 0 1) ^rUMtOK^-fX-y^vy 

KSfi*^j^2 X 1 0" 1 0 0 T o r r icmmT^m^m 
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1 OOTo r rfcLfco ^1' VM-p^C^ff 

¥®«^lc;ife|![?bM 3 . 5 6MHz©©iajS/*;-i'7X 

s^^^xvtctDSfi? (10 1) (ommcmm-^^x 

[0 0 3 9] g^y^XvtciO^S^^^aLfcA 1 N 

Sfi ( 1 0 1 ) mmnBcOA 1 No.o5 Po.« M% 

TSP^^-y Fs (1 0 3) tLxmmLtc. mw-im 

0. 1 /imT-feofco +-\'U7rga{±$?Il X 1 O" cm 
i:Lfco CCDS (10 3) {ih';>{^;l/;<f'J'i?A 

( (CH3 ) 3 Ga) /h'J;<f-;l/7;l'5:^'>A ( (C 

H3) 3 A 1) /t-xy^y (PH3 ) /ym (H2 ) 

(CH3 ) 3 G at(DMOCyDRl&^.^(Dm^^W± 
L. #t)t)li:i/^P'^>^i/*x-;b-ry>'''>A (Cs H 
5 In) i:7V^x7 (NH3 ) ^Rlt^mc^^L. p 
J^®Gao.< I no.6 N/i^ll)tS (1 0 4) i: UTii 

SiS^F*9'\©)^to??it«(i 170cc/^iillcc/^ 
{c^^^^bfco Mp{±iii^0. 1 /iini:LfCc, +^'J7 
iiJgaf^l X 1 0" cm"' ilLfco 
[0 0 4 0] c:t^t<^;0^ S«:/^Xvic<t DSffiMS 
^n/cl^^BH^A 1 Nf)-^^rj::^mik (10 1) <D«ffi 
ICs fif*<Dto<^SSM^/t-$-riCitgiia2nfcA 1 
N..05 Po.» *^e>*S"Fa5^'^*y FS (10 3) i:Ga 
0.4 I no.6 N*^P)*^%7tM (1 0 4) i:«^TDg 
^^Jg^Lfco g|R7'^Xvlcj;!9ma5n/cSS (1 
0 1 ) a®£D±tJii«Lfc^fi/i ( ( 1 0 3) Stf ( 1 

0 4) ) ti. m^'Dxmmw&^^^mifr^'^^-yt^ 

[00 4 1] i^tCs %7t)i (10 4) ±lCp0®GaN 

0.98 Aso.«B fs'^isi?>±^ir^y\tm (1 0 5) ^mn 

0" cm'' tLtco AsmtLxiiymf^m^nrcTfV 
yy mm^mio%) -i^i^**^ cwmmmQ o 

%) (D'M-^^'X^i^mLtCo GaMtLtc (CH3 ) 3 
G a ) ailfiltlC J; Sig 0 "ClCim Lm^?^ 3 0 c c © 

?^M%t^TSiS?^tmt/co 7;i/'>y (A s H3 ) 

{5:3 5 c c/6^<Dm.mtLrco 
[ 0 0 4 2 ] l-X±OS^tC j; D . A 1 No.05 P0.95 m 
(l0 3)i:Gao., I no.6 NS (I 0 4) t<D^T 

Pg^i:GaM I no.6 NS (1 0 4 ) G a No.« 

Aso. 02 (I 0 5) t(D^Tt2m^tf)-^^iSi^^-ffl'^ 

»«c (1 0 1) ±t<:m iia-r^CiifciOig^L 



11 

E D mmhtc. il © L E D {i Wm^^Z>Yc Wfi©^ 

7fe*w?n. t(D^>h(r)^im.mmA 1 2 Q^yf 

ED^:{i:^K5'?^ (Cd) ^ffiSB (Zn) IfO 
^fmn^'ma Ltc. In tDil^tt^A^ 0 . 2 SS® G a 

XhD-A (A) T-fet). ^tHcmLTii±.m<DUM(D 
LED tchtK-rn«'^ 1 / 2 (t*f*co LED loK-ltS^ 

m-r^^f-n^-^mP^(Dmm<D^ll (vacancy) 

m&wpf)'' t /c p. ^ n/c t CD iijiT^ tifco 
[0 0 4 3] mmmz) i-vv^K. ^u-^^a. 
L.m<D7 ivij ^)^mm(^m.-^mmt>^ 5 p p mOT 20 

toipB^B«5^*"^x^ats (101) t\^x^mhfc. 

m 4 ic^^ssMfc^^^^^ LED comm.<D^wmm^. 

05ica4(D«^A-A' t^'a^^rffi^H^^-To 5 

^iS'yT.mm. (101) I tfa«®^s 

t>\ f'yX-^^im<^'^'y-li.2 1 OWi:ti:A:$-ii:fc„ 
^iSSP 1 T-»«i:LT^fflLfclpB%KcOA 1 Nti. 

x{iri?{bS« (s i Oa ) ^±fiic^i:Lg^M^^^^ 30 

[0 0 4 4] y^XVmS^Sgtfc5^;9"^X»tg (1 

0 1) ©Affile. itii±aacD^EMOC VDiS{c<kt) n 
}g(DG aNii^TgP^^^ FS (10 3) irLTJtat 
fco HlPtiJ^O. 1 +^y7iia{±3ii5l X 

1 O'* cm"' hLfcc ^{Cs p5^<DGao.88 I no.12 N 

m^mmt d 0 4) i^uTitiaLfco fg^te d o 

A) (DmmtO. 2 5/tmi:L> +-\'';7Sg}i 1 X 1 40 

0" cm"' tUfco %)fell (10 4) ±t{ipJ^©Ga 

n^±M^^-y KB (10 5) ^LTJ^fiicLfco 

0. 0 5/tmi:L. 4^i''J7gJSti2x 1 0" cm'' J: 

( (1 0 3) ~ (1 0 5) ) \zi^<o^-:r,\y^Tum^^ 

iMTitcmmim^m^Ltco mm=?-m.mm (rhee 
D) \ci:^m<mM&m\^m^^mm\nm^i^isy 
xiis mm-f'yx-^vm^m.LfcE^iS'yxmu (i o 

1) <Dgffilciia2-&/-c^-B-CfeSG aNTgPi'^-y 
(1 0 3) cO^MSPfiiB^BfCLTl/^fco 50 
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[0 0 4 5] mmm&<Dm.m.m\chtc^±.^'^'7^'j ¥m 

(10 5) tl^351cD7* h yy^7^'-Sffi^?'Jffi t 

TA 1 (10 7) %jg)?ScLfco )ttr&]-r 

^HMS (10 8) {i±g|3^^'y KH ( 1 0 5) 
%)teS (1 0 4) Oia3ag|5^^^^-9-x-y^>yLTffiM 
^•(irfcTgP^^^'y (10 3) ±fcJ^;^cLfco 
[0 0 4 6] |^^B«;S:E^a« (10 1) (D«BffliJlC 

a. (10 4) *^6©%)t^si^-rs^ci6©A i 

*^e.ft5^M« (10 9) *m^^«t<tt3l!5«?^t 

fco (10 9) (Dmm^mo. 5(imtLrc. 

[0 0 4 7] Ji(±o«^t :/'-5Xv5aasnfc# 
ttp.nfc^si!5)ii:^wr?.¥«^*gM (LED) 

stiffs 8 5 0^>yxhD-A (a) T-fe-pfCo CCD 
^)^ti±fa®jE&t>'fe«Sllc^jrx;l/ h (V) cDm.mMI± 

^vx^ (mcd) icMLtco mi^titc^mmn. m 

ML^l^L E D©*^2. 2iScDiz^-^-l:$>^Ctt>^l^. 
[0 0 4 8] (Hasps) #9^aK<7)|gS4E^;^f^X^a 

« (1 0 1) tLx. mmmz tmmcommmm^mm 

fcc 06tc*HS£Wti:iI^;5 L E D©[^ffi1iS@*^ 

t). ^Szafi^7 0 0°Ci:LTJ^fi!cL/-Co ffifflLfcSS 
(10 1) {iitg*^5 OmmcDRJ^Tfet), 1 5 

0 II mX^-ofco 

[0 0 4 9] mmm&^n^m^. s« d o o cd« 
m^atmumif^ o iim(Dm.m^(fyM ( 1 1 o) o 

^60 /I mi: Lfco m<DWiU^'Pm(Diip.'lM(Ommf>m 

^^■rntfav^*^ *iiss««j-e{i^ (i i o) i:- 

2*^3 6 0 /i m<DiE75rJ^«^>y y^SSfciiC^-rs/y 
yffl <D«|iJ?i i: ^«ffl-r S fc 46 C ©fg i: Lfc „ C -y 
7'-9--t'X{i:fe<S-efc-^Jl:-^So ^(110) ©Krffi 
J^Wi¥RJ^i:U ^ (l 10) 0 iimtL 
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tco C<DM (110) (Ojf^liStS (10 1) ©ff^tc 

MLxi 3°m(Ditmt^^rco crubc^m (i i o) 

[0 0 5 0] mmicm ( 1 1 o) ^mmcmi^Lta^ 
^sKB^a^ (10 1) cD±ica. nmmz tmm(Dm 
mmm^mmmmLfco mm ( a od rzs a o 
8) ) 'i^±mmmm2icmmtmmicA iic^oBi&L 

[00 5 1] mmmrnxsnm ( ( i o ?> so* ( i o 

8) ) ^JBfiJcLfcft. a« (1 0 1) cDBSt^EfcA 10 

(10 9) ^mi&Lfz. m^mmLfc^mmm (i o 

9) (Dm-^imi timtLTc. ^mmmr~ii. Eif^© 
#M«M{iip^B«s« (10 1) ±icAmmmm^^m 

mmmitmm^m^. #smk dog) un(D 

A 1 ©Bl-STfe^e 6 0°C%±[HI?.SJSl?^!)cS^■^i:Tl/^ 

§fc46^ ^i6#rBR»ig (10 1) (Dmmicc<Dmtitt 
mti^mmts ^ d i o) (Dmmio^mmLRmm^ 20 

[0 0 5 2] C©1i{cLTf#^n^c«;KfcHI*ffl<0^Ji 

mm^rnKTc L E D a. ij^jfeM^o L E Dicitmh. 

m^^-^ii. mmm 2 rxs 3 i:i#&n/c led (d^^(d 
^'mmicimLrc?>mMii^ji^'^(0(o. tamo^mmm 30 
2 (Dm^icitmriimm^miimc^(o 1 . 3 fg©*^ 

SO^'J^y-r^ (mcd) IcmMLTco 
[0 0 5 3] 

[%B^o5(!)*] mm^-^^t^^mcx^f^x-^mm 
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[0 0 5 4] fg^. ^mmmvii:^mmimio:s,^wm 

m^iiG a N/A 1 G a NI¥<D'\xng^;&«i^T*^ 

m 1 ] !¥5i5©wfeL e D^'yf(Dm^^tmmm^m 

[02] SW^^ii^fc^JllcS^^nT^^L ED© 
[03] *%B^©*ffi0lJ 1 tC^^-S L E Dffl^©«S« 
[0 4 ] *^^O||fl£0IJ 2 fc-^^S LED £D¥®«S0 
[05] H4lC^tfcfiS^A-A' Icyf^-piTcl^ffiiiSH 

[0 6 ] *^wcD*sg0ij3 ic^^^s L E D(Dmmm^m 

[fvF^cDiJJB^] 

(10 1) m. 

(10 2) 

(10 3) TgP^^'vHS 

(10 4) ^)tM 

(10 5) ±g|5^^-7Kjl 

(106) ay^^hH 

(10 7) ^1i«fi8 

(10 8) ^mm 

(10 9) ^SliSH 

(110) ^ 

(111) mm 

(112) g^-y:/ 

(113) X-rA 

(114) :$1.Hlifli 

(115) i^i^ 

(2 0 1) ■9-7r-r7»^ 



(9) 
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[01] 
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(10 7) 



(1 0 G > 
< 1 0 4 > 
(1 0 3 > 
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(10 6) 



( 1 0 S ) 



(10 2) 



(201) 



[03] 



(10 5) 




(113) 



< 1 0 3 ) 
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[05] [H6] 



(107) (10B> {107> (105) 
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